Purpose Negative physical functioning outcomes including incontinence and erectile dysfunction are relatively common following radical prostatectomy (RP) and are associated with treatment regret and compromised quality of life (QOL). The role that treatment regret may have in influencing the association between prostate-specific QOL (i.e., sexual, urinary, bowl functioning) and general QOL following RP has not been examined. Method This study examined the associations of treatment regret, general QOL (36-item Short Form Health Survey physical and mental health (MCS) composite scores), and prostate-specific QOL (Prostate Cancer QOL sexual, urinary, bowl functioning, and cancer worry subscales) in 95 men who underwent RP for prostate cancer. Results Multiple regression analyses indicated that poorer sexual and urinary functioning was associated with poorer MCS. Additionally, men with lower sexual and urinary functioning reported greater treatment regret. Treatment regret was also associated with lower MCS. Finally, treatment regret partially mediated the effects of both sexual and urinary functioning on MCS. Conclusions These findings suggest that regardless of a patient's prostate-specific QOL, reducing treatment regret may improve mental health following RP. Though there are limited options to alter patients' sexual or urinary functioning following RP, treatment regret may be a modifiable contributor to post-surgical adjustment and QOL.
Introduction
Prostate cancer is the most common cancer in men, aside from skin cancer, with 220,000 newly diagnosed men and about 30,000 deaths from prostate cancer each year in the USA [1] . Treatment options for prostate cancer include active surveillance, radiation therapy, hormone therapy, or radical prostatectomy (RP). Each of these treatment choices are associated with similar cancer-related and quality of life (QOL) outcomes [2] [3] [4] [5] . Negative physical functioning outcomes are relatively common following RP, with 29 to 89 % of men experiencing erectile dysfunction, up to 61 % reporting decreased sexual drive, and 4 to 33 % of men experiencing incontinence over 1 year after surgery [5, 6] . Poor sexual and urinary functioning following RP is associated with distress and compromised QOL [4, 5, 7] . Despite the high prevalence of physical dysfunction associated with RP, men tend to report relatively low treatment regret, with about 80 % of men stating that they would make the same treatment choice again [2, 3, [8] [9] [10] [11] . However, Herr [12] found that rates of RP-related regret increased over time, with only 17 % reporting regret within 3 years after surgery and 47 % of men reporting regret 5 years after RP.
Treatment regret may be associated with lower income, less education, older age, and higher biopsy Gleason score [2, 3, 11] , though these findings are not consistent [8, 13] . Additionally, presurgical incontinence and cardiovascular disease have been shown to predict greater treatment regret [10, 11] . Post-surgical physical functioning, both general and prostate-specific (e.g., poorer sexual, urinary, and bowel functioning), is also associated with greater treatment regret [3, 8, 10, 11, 14] . Though treatment regret has been associated with greater psychological distress and poorer QOL [15, 16] , the contribution of treatment regret to general QOL over and above that of prostate-specific QOL has yet to be determined. Additionally, treatment regret has not yet been examined as a mediator of the relationship between prostatespecific QOL and general QOL. Treatment regret as a mediator would suggest that, though it is difficult to reduce physical symptoms following RP, it may be possible to improve long-term QOL by reducing treatment regret.
The present study
The present study is a secondary analysis of a randomized controlled trial (RCT) assessing the QOL impact of a brief presurgical stress management intervention (SM) compared to supportive attention (SA) or standard care (SC) on men undergoing RP for prostate cancer. Previously published findings from this data set demonstrated that men in SM reported significantly reduced distress prior to surgery compared to men in SA and SC and also had significantly higher physical QOL (physical component scale on the 36-item Short Form Health Survey (SF-36)) 1 year following surgery compared to men in SC group [17] . Interestingly, there were no group differences in mental health-related QOL, prostatespecific QOL, or treatment regret at any time point. In the current study, we hypothesized that 1 year after surgery (1) physical and mental health-related QOL would be positively associated with prostate-specific QOL, (2) treatment regret would be negatively associated with physical and mental health-related QOL and prostate-specific QOL, and (3) treatment regret would mediate the relationship of prostatespecific QOL and physical and mental health-related QOL, such that treatment regret would account for some of the association between poor urinary, sexual, and bowel health and physical and mental health-related QOL.
Method

Participants
Participants were men with early-stage prostate cancer who were undergoing RP at one of three hospitals within the Texas Medical Center. Patients were included if they were 18 years of age or older, undergoing RP, English speaking, and able to come to the medical center four times prior to their surgery or lived within 100 miles of the Texas Medical Center. Patients were excluded if they had any other surgeries in the preceding year; a major illness likely to limit survival to less than 2 years; medical conditions likely to affect outcome measures such as an autoimmune disease, endocrine abnormalities, chronic pain problems, or a current or past drug and alcohol dependence; had any major psychiatric diagnoses; were undergoing psychiatric or psychological counseling; or had severe cognitive dysfunction detected by the Mini-Mental State Exam [18] . These exclusion criteria were used to increase the homogeneity of the sample, in an attempt to strengthen the primary study's power to detect statistical differences among the intervention groups. There were a total of 95 participants who completed all measures at baseline and 1 year post-surgery.
Procedures
Two hundred twenty-one men were screened for eligibility for the three-arm RCT of brief presurgical SM compared to SA or SC. Forty-two men refused, 15 were ineligible, and 5 withdrew after consent but prior to randomization. Thus, 159 men were randomized to one of the three study conditions. Details of the study procedures have been reported elsewhere [17, 19] . Briefly, after obtaining informed consented, selfreport data were collected from patients 3 weeks before surgery (baseline) and 12 months post-surgery. The presurgical SM intervention consisted of two 90-min individual sessions that were cognitive-behavioral in nature, with a focus on relaxation (e.g., diaphragmatic breathing and guided imagery) and other coping skills (e.g., problem solving, seeking social support, and having realistic surgery and recovery expectations). Patients in the SA group participated in a semistructured interview focused on their psychosocial and medical history for two 90-min sessions (discussions about how and when they were diagnosed with prostate cancer, other medical issues, and family history; discussion of any fears and concerns; clinician used reflective listening and provided empathy but did not teach specific skills). Patients in the SC group received no intervention, but completed assessments at the same time points. There were no differences between study conditions on any of the variables that are the focus of the present paper (i.e., mental health-related QOL, prostatespecific QOL, or treatment regret) aside from physical aspects of QOL (SF-36 physical composite score (PCS)), which was reported as higher for men in the SM group compared to the SC group 1 year after surgery [17] . We controlled for the possible effect of group assignment in all analyses, but ultimately examined the association of study variables across groups. Ninety-five participants completed the follow-up measures relevant to this study 1 year after surgery. This study was approved by the Institutional Review Board of all participating hospitals.
Measures
To assess treatment regret, participants responded to seven items related to the frequency with which they had thoughts about how their current situation could have turned out more positively had they made a different treatment decision (see Appendix A for full measure). Responses were on a five-point scale ranging from 1 (never) to 5 (very frequently). In this study sample, the internal reliability was high (Cronbach's alpha=0.92).
The Medical Outcomes Study SF-36 [20] was used to assess general health-related QOL. It assesses QOL in several domains including physical functioning, bodily pain, general health perceptions, vitality, social functioning, roleemotional, and mental health. In this study sample, the internal reliability for each of these subscales was acceptable (0.79-0.90). There are two component scores derived from the subscales that measure mental health (mental health composite score, MCS) and physical functioning (PCS).
The Prostate Cancer Quality of Life Scale (PCQOL) is a 52-item instrument with ten domain scales: function, limitation, and bother for each of urinary, bowel and sexual issues, as well as a scale assessing worry/anxiety about having prostate cancer and treatment [21] . Internal consistency has been established for the PCQOL (alphas 0.70-0.90). As strong convergence of the function, limitation, and bother scales within each of the urinary, sexual, and bowel categories have been noted in other studies [21] , these subscales were combined to form four subscales of urinary function, sexual function, bowel function, and cancer worry. In the present sample, these four scales demonstrated acceptable internal reliability with Cronbach's alphas of 0.94, 0.89, 0.68, and 0.87, respectively.
Analyses
Descriptive statistics were computed. We examined whether baseline demographic (age, ethnicity, marital status, education), clinical (prostate-specific antigen, stage of disease), or group (SM, SA, SC) characteristics were related to general QOL (MCS and PCS), prostate-specific QOL (four subscales of the PCQOL), and treatment regret 1 year after surgery. To determine the association between prostate-specific QOL and general QOL, the four subscales of PCQOL were regressed onto the two component scores of the SF-36 (MCS and PCS), covarying for intervention group and the respective baseline measures. As age and surgery type were associated with sexual functioning, analyses involving sexual functioning covaried for these variables.
Additionally, education was associated with cancer worry, so analyses involving cancer worry covaried for education. The Bonferroni method was used to correct for the eight regression analyses (four subscales of PCQOL regressed onto PCS and MCS), and alpha was set at 0.006. To determine the association between QOL and treatment regret, each QOL measure (two subscales of SF-36 and four subscales of PCQOL) was regressed onto treatment regret, covarying for intervention group and the respective baseline measures. The Bonferroni method was used to correct for the six regression analyses, and alpha was set to 0.008. Mediation of the association between prostate-specific QOL on general QOL by treatment regret at 1 year after surgery was explored using the PROC REG procedure following the criteria outlined by Baron and Kenny [22] . G*Power was used to determined that, given a total of 95 participants, we were able to declare as statistically significant a medium effect size (Cohen's f 2 >0.15) assuming 80 % power and a two-sided significance level of 0.05 [23, 24] . Cohen suggested that f 2 effect sizes of 0.02, 0.15, and 0.35 are termed small, medium, and large, respectively [23] .
Results
Sample characteristics
Measurements were obtained for 56 % of the sample at 1 year (n=95). There were no significant differences in demographic, medical, or QOL (SF-36 or PCQOL) scores at any time point between those who completed baseline and 1 year assessments and those who dropped out of the study by 1 year follow-up (all p levels>0.29), indicating that men who dropped out of the study likely did not differ on any measures relevant to the present study from men who completed all measures. The demographic and medical characteristics are summarized in Table 1 . The associations between demographic variables and each of the study variables of interest (two component scales SF-36, four subscales of PCQOL, and treatment regret) were examined to identify potential confounding variables to include as covariates in the analyses. Age (β=−0.137, p=0.053) and non-nerve sparing surgery (β=0.214, p=0.040) were associated with poorer sexual functioning, and higher education was associated with less cancer worry (β=0.270, p=0.007). No demographic or medical variables were associated with treatment regret. Thus, age and surgery type were entered as covariates in analyses involving sexual functioning, and education was entered as a covariate in analyses involving cancer worry. As previously reported, there were intervention group differences in PCS ratings 1 year after surgery (p=0.004) [17] , but there were no group differences in MCS, any PCQOL subscales, or treatment regret at baseline or 1 year follow-up. Nevertheless, group assignment was entered as a covariate for all analyses to control for any potential bias.
Descriptive information on PCS, MCS, PCQOL subscales, and treatment regret at baseline and 1 year post-surgery can be found in Table 2 . T tests indicate that sexual (t (88)=11.24, p<0.0001) and urinary (t (96)=8.01, p<0.0001) function, and cancer-related worry (t (98)=−7.17, p<0.0001) decreased from baseline to 1 year post-surgery, while bowel function did not change (p>0.60). Though men reported relatively infrequent rates of treatment regret (M=11.08, SD=5.81), 57 % of participants reported having had at least some thoughts of regret regarding their prostate cancer treatment decision. The items receiving highest ratings were "If only I hadn't had the surgery, I wouldn't be having any of the sexual difficulties I do now" and "If only I hadn't had the surgery, I wouldn't be having any of the urinary control problems I do now."
Association between PCQOL and general QOL We examined how general QOL (MCS and PCS) 1 year after surgery varied as a function of prostate-specific QOL (PCQOL). Results indicated that poorer sexual (β=0.32, p=0.003) and urinary (β=0.321, p<0.001) functioning was associated with poorer MCS. Poorer bowel function was associated with poorer PCS (β=0.306, p=0.001). Cancer worry was not associated with general QOL.
Association between QOL and treatment regret
We next examined how treatment regret 1 year after surgery varied as a function of QOL-related variables measured 1 year after surgery. Results of regression analyses can be seen in Table 3 . Men who reported lower sexual (β=−0.41, p<0.001) and urinary (β=−0.40, p<0.001) functioning and greater cancer worry (β=−0.57, p<0.001) reported greater treatment regret. Additionally, men who reported lower Analyses involving sexual function controlled for age and type of surgery (non-nerve sparing, nerve sparing, or nerve graft), analyses involving cancer worry controlled for education level, and all analyses controlled group assignment and the respective baseline predictor MCS reported greater treatment regret (β=−0.55, p<0. 001).
Reports of bowel function and PCS were not associated with treatment regret (p levels>0.155).
Mediation analyses
Baron and Kenny's [22] method was used to determine whether treatment regret mediated the association between prostate-specific QOL and general QOL. Specifically, we sought to determine whether treatment regret mediated the effects of sexual and urinary functioning on MCS, as these variables met the initial criteria of mediation such that (1) sexual and urinary functioning were associated with MCS, (2) sexual and urinary functioning were associated with treatment regret, and (3) treatment regret was associated with MCS. When both sexual functioning and treatment regret were regressed onto MCS, treatment regret remained significantly associated with MCS (β=−0.29, p=0.001), and the association of sexual functioning on MCS was reduced by about 7 % (β=0.25, p=0.013), indicating partial mediation (see Fig. 1 ). Similarly, when both urinary functioning and treatment regret were regressed onto MCS, treatment regret remained significantly associated with MCS (β=−0.30, p=0.001) and the association of urinary function on MCS was reduced by about 13 % (β=0.19, p=0.024), indicating partial mediation (see Fig. 2 ).
Discussion
Results are consistent with previous research indicating an association between prostate-specific QOL and general QOL. Specifically, poorer urinary and sexual functioning and greater cancer worry were associated with poorer mental health-related QOL. Additionally, findings support previous research indicating that patients experience a decline in sexual and urinary function 1 year after RP [5, 6] , but report decreased cancer-related worry 1 year after RP [25] . A novel aspect of this study was identifying the mediating role of treatment regret on the relationship between prostate-specific QOL with mental health-related QOL. Our hypothesis that treatment regret accounted for some of the association between both urinary and sexual functioning and mental health-related QOL was confirmed. This finding is supported by previous research linking treatment regret to poorer QOL, particularly in the mental health domain [15, 26, 27] . While other studies have found treatment regret to be associated with relatively fixed demographic (e.g., lower income, less education, and older age [2, 3, 11] ) and medical (e.g., higher biopsy Gleason score, presurgical incontinence [10, 11] , and post-surgical physical functioning [3, 8, 10, 11, 14] ) factors, the present study indicates that there is an association between treatment regret and mental health-related QOL regardless of the patient's demographic and medical conditions state. Interestingly, this suggests that, irrespective of a patient's prostate-specific QOL (e.g., urinary and sexual functioning), reducing his treatment regret may improve his mental health following radical prostatectomy. This finding is particularly important because, though there are limited options to alter patients' sexual or urinary functioning following prostate surgery, treatment regret may be a modifiable contributor to post-surgical adjustment and QOL.
It is important to note that the present study is a secondary analysis of a three-arm randomized controlled trail, in which analyses controlling for group assignment, baseline urinary functioning, and baseline MCS. *p<0.05, **p<0.01, ***p<0.001 a presurgical intervention was delivered. The SM intervention was designed to reduce presurgical stress and improve post-surgical QOL through cognitive-behavioral coping skills, and the SA intervention was designed to control for face-to-face time with a psychologist. Though the SM intervention did improve physical functioning-related QOL [17] , it was not associated with improvements in mental healthrelated QOL or treatment regret. Several studies suggest that presurgical interventions designed to increase patient competence in communicating with their doctor [28] and improve patient knowledge about potential negative outcomes and management of those outcomes [29] have led to reduced treatment regret following RP. Similarly, patients who reported greater understanding of potential treatment complications [13] and greater self-efficacy for managing prostate symptoms [30] reported less regret following treatment for prostate cancer. It is possible that the intervention delivered in the present study would have been more effective at reducing treatment regret had it focused more on fostering patient self-efficacy at communicating with their providers and managing negative treatment outcomes. These strategies could be combined with other psychosocial and medical interventions (e.g., sexual counseling, urinary treatments) to further improve patient's physical and psychological outcomes [31] . There are several limitations to recognize in this study. First, the majority of participants were White, non-Hispanic, married, and highly educated. Thus, future research is needed to test the generalizability of these findings to more diverse populations. Additionally, participants reported relatively high levels of mental health at study entry compared with normative data. Lastly, treatment regret was only assessed at the 12-month time point, rather than after the surgery but before the 12 month follow-up (e.g., at a 6-month follow-up), making it impossible to establish directions of effect.
Sexual and urinary problems following prostate surgery are common, largely irreversible, and associated with poorer mental health [4] [5] [6] [7] . Some of the association between sexual and urinary problems and mental health can be attributed to treatment regret. Thus, treatment regret is an important component of post-surgical mental health that may be responsive to or prevented by intervention [28, 29] . Future research to further examine the contribution of treatment regret to QOL as well as methods to reduce treatment regret are necessary to develop avenues for improving patient QOL after this common and complicated procedure.
